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bstract
Momordica  species are vegetable crops widely distributed in warmer regions of the world. In this work, we describe the antioxidant, enzyme
nhibitory and anti-inflammatory effects of the leaves from three different species of Momordica. The present investigation was initially carried out to
xplore the possible link between antioxidant, enzyme inhibitory property of Momordica  leaf extract and their total phenolic and flavonoid contents.
he anti-inflammatory activity was tested by using carrageenan-induced paw edema. Our results illustrated an enhanced antioxidant power of wild
pecies comparable with a commercial variety. In addition, the leaf extract of M.  dioica  (200 mg/kg) presented a significant anti-inflammatory
ctivity toward carrageenan-induced paw edema in Wistar rats in comparison to indomethacin (10 mg/kg). The contents of flavonoids and total
henolic compounds could be correlated with the antioxidant and enzymes inhibition activities. The major bioactive compounds of phenolic acids
nd flavonoids such as gallic acid, chlorogenic acid, caffeic acid, ferulic acid, ellagic acid, catechin, rutin, and quercetin were identified. Our
ndings suggest that wild Momordica  species contains higher potential antioxidant and anti-inflammatory activities than a commercial variety
oes, which could be tested as drug candidates against oxidative and inflammation-related pathological processes.
 2014 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
Indigenous plants have been used for many years by differ-
nt cultures around the world for the management of several
ilments. In recent years, investigation on these wild species has
ecome progressively important in the search for new, effective
nd safe therapeutic agents for the treatment of oxidative dis-
ases and metabolic disorders. Momordica  L. genus belonging
o Cucurbitaceae family is native to Asia and includes approx-
mately 825 species of annual and perennial plants distributed
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ainly in warmer tropics including The Amazon, East Africa,
he Caribbean, and South America. Well identified species in
ndia are M.  charantia  L., M.  balsamina  L., M.  dioica  Roxb.,
. sahyadrica, M.  cochinchinensis  (Lour.), M.  subangulata  and
lume subsp renigera  [1]. The large fruit bitter gourd variety,
hich is available in the markets, is inferior in edible/qualitative
raits (such as non-bitterness), abiotic stress tolerance (e.g.,
rought tolerance), and resistance to several insect pests when
ompared with these wild variant/species of this genus [2]. The
reen fruits and leaves are consumed as a vegetable as traditions
or a time in Asia. Their leaves have many uses in traditional
olk medicine. Leaf decoction has been used as antifun-
al, anti-inflammatory, anti-malarial, anti-parasitic, anti-septic,
arminatives, digestive stimulant, febrifuge, menstrual stimu-
ator, vermifuge purgative, and wound healer. In addition, it has
een effectively used to treat diabetes and cancer. Pharmacolog-
cal investigations found that Momordica  leaves possessed many
ioactivities, such as anti-tumor, hypoglycemic, anti-diarrhoeal,
ntioxidant, hepato-protective activity and so on [3–5]. Phyto-
hemical studies revealed the presence of alkaloid, flavonoids,
terols, anthraquinones, and phenols, which represented the
ain active components in M.  charantia  leaves [6]. In addition,
uguacin J and karavilagenin D which belonged to triterpenoid
ave been reported for the treatment of carcinogenesis and
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rostate cancer [7]. However, in Momordica  family M.  charantia
s the large fruit-cultivated variety and has been widely recog-
ized by people, while other varieties and wild species which
re less popular are unknowingly getting eradicated from the
cosystem.
Oxidation reaction induced the production of free radicals
hich act as a causative agent for several degenerative dis-
ases by adducting with biomolecules such as lipid, protein,
nd DNA. Hence animals maintain complex systems of mul-
iple types of antioxidants in their body. Even though living
rganisms have become more susceptible to more free radicals
y exposure to pollutants, radiation, drugs, inappropriate food
rocessing and cosmetics, it has been shown that plant polyphe-
ols are renowned for their abilities to quench these free radicals
nd protect the body [8]. Inflammation is a physiological defense
echanism and a symptom of many diseases including asthma,
besity, and cardiovascular diseases. Numerous synthetic drugs
ave been used to treat these infectious diseases but sometimes
hese are associated with adverse side effects such as hyper sensi-
ivity, allergic reaction and immunosuppression in human body
9]. Hence this situation forced researchers to discover novel
nti-inflammatory agents from natural resources.
Type 2 diabetes mellitus (T2DM) and Alzheimer’s disease
AD) are both more prevalent with aging. Studies suggested that
nti-diabetic drugs might be beneficial in treating AD patients.
ecreased level of acetylcholine in the brain, which is respon-
ible for learning, memory, behavior and emotional responses,
auses several neuropathological conditions and AD. Acetyl-
holine transferase catalyses the production of Ach and the
xpression occurred in insulin and IGF-I receptor-positive corti-
al neurons. Therefore insulin impairment leads to reduction of
ch, which explains the possible relationship between diabetes
ellitus and AD [10]. At the same time acetylcholine esterase
nzyme also reduces the acetylcholine production so it is nec-
ssary to inhibit acetylcholine esterase enzyme activity [11]. In
nother way, lack of insulin secretion and/or insulin action dis-
urbed the carbohydrate, fat and protein metabolism that results
n inadequate glucose production and finally leads to several
edical complications. One of the beneficial and conventional
reatments for diabetes is to increase glucose absorption through
he inhibition of carbohydrate hydrolyzing enzymes such as α-
mylase and α-glucosidase in the digestive organs. Tyrosinase
nzyme is responsible for the production of melanin in human
kin. Hyper activity of this enzyme leads to dermatological dis-
rders such as melasma, freckles, and age spots [12]. This study
nitiates researches toward comparing and understanding the
easons beneath the medicinal uses of leaf extracts from differ-
nt Momordica  species by using a range of in  vitro  and in  vivo
ssays. As of now far the antioxidant, enzymes inhibitory, and
nti-inflammatory potential of this wild species has not been
valuated.
.  Materials  and  methods.1.  Plant  materials
Fresh plant leaf materials of indigenous M.  dioica  and
ultivated M.  charantia  were collected from Kodiakarai and
m
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hamaraipulam, Nagapattinam district, Tamilnadu, India during
anuary 2011, whereas indigenous M.  charantia  var. muricata
as collected from Buvanagiri, cuddalore district, Tamil Nadu,
ndia in August 2011. The identity was confirmed by comparing
oucher specimens available in the Botanical Survey of India,
oimbatore. After collection, the plant materials were washed
nder running tap water to remove the surface pollutants and
ried at (45 ±  2) ◦C depending on the dryness of samples. Time
as maintained and the final moisture content of the leaves of
. dioica, M.  charantia  and M.  charantia  var. muricata  were
0.45%, 7.1%, and 8.4%, respectively, which were determined
sing MA35 moisture analyzer (Sartorius AG, Germany) at
05 ◦C. The dried Momordica  leaves were milled to a parti-
le size of 70–150 m using laboratory blender and stored in
eparate screw cap bottles at −4 ◦C.
.2.  Solvent  extraction
The leaf samples (10 g) were subjected to successive solvent
xtraction with 95% of ethanol (1:7, m/V) for 48 h by maceration
t room temperature and filtered through Whatman No. 4 filter
aper. The residues were re-extracted with 95% ethanol (1:5,
/V), as described above, for 24 h. The solvent combined extract
as evaporated at 40 ◦C and stored at 4 ◦C for further analysis.
.3.  Chemicals
All the chemicals used in this study were of analytical
rade. 2,2-Azinobis (3-ethyl benzothiazoline-6-sulfonic acid)
iammonium salt (ABTS), BHA (butylated hydroxy anisole),
,2′-diphenyl-1-picryl-hydrazyl (DPPH), β-carotene, linoleic
cid, 2,2′-azobis (2- amidinopropane) dihydrochloride (AAPH),
-amylase, α-glucosidase, acetylthiocholine iodide, tyrosinase,
-glucuronidase enzyme and indomethacin were purchased
rom Sigma Chemicals Co. (St. Louis, MO, USA). All the other
hemicals were obtained from HiMedia Laboratories (Mumbai,
aharashtra, India).
.4.  Determination  of  total  phenolics  and  tannins  contents
The total phenolics and tannins were measured [13] from
annic acid calibration curve (3–15 g range; y = 0.08x–0.01;
2
= 0.99). One mL the sample extract was transferred to a test
ube and 0.5 mL Folin–Ciocalteu reagent and 2.5 mL sodium
arbonate solution (20%, m/V) were added. After an incubation
eriod of 40 min in the dark, the absorbance was recorded at
25 nm with UV-visible spectrophotometer (Cyberlab-UV100,
SA) against the reagent blank. Using the same extracts and
ethod, the content of tannins were estimated after treatment
ith polyvinylpolypyrrolidone (PVPP).
.5.  Determination  of  total  ﬂavonoids  contentTotal flavonoid content was measured according to the
ethod of Zhishen et al., [14], outlined by Siddhuraju and
ecker [15]. Sample extract was added with 0.3 mL of 5%
odium nitrite and was mixed well. After 5 min of incubation,
3  and H
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.3 mL of 10% aluminum chloride solution was added. After
 min, 2 mL of 1 mol/L sodium hydroxide was added to the mix-
ure and the volume was made up to 10 mL with water. The
bsorbance was measured at 510 nm with UV–vis spectropho-
ometer. Total flavonoids were measured from rutin (20–100 g)
tandard curve and expressed as mg rutin equivalents/g extract.
.6.  Separation  of  phenolics  in  Momordica  leaf  by  HPLC
.6.1.  Extraction  and  hydrolysis
The phenolic acid and flavonoids in investigated samples
ere extracted using the procedure described by Siddhuraju and
ecker [15]. The ethanolic extract of the leaf samples (10 mg)
ere weighed in a 10 mL Erlenmeyer flask and then dispersed
n 2 mL of 62.5% aqueous methanol containing 200 mg/L BHA.
he mixture was then ultrasonicated for 5 min, and 1 mL of
 mol/L HCl was added to this extract with careful mixing. The
xtraction solution consisting of 1.2 mol/L HCl in 50% aqueous
ethanol (V/V) was thus obtained. The sample was bubbled with
itrogen for 40–60 s, after which the flask was sealed tightly.
ydrolysis was carried out in a water bath at 90 ◦C for 2 h with
haking. After hydrolysis, the extract was cooled, filtered, subse-
uently made up to 5 mL with methanol, and sonicated for 5 min.
pproximately 2 mL was filtered through a 0.45 m membrane
lter prior to injection in HPLC.
.6.2. Identiﬁcation  and  quantiﬁcation  of  phenolics
Chromatographic separation of phenolics was done by
PLC equipped with Shimadzu LC-6AD pumps, SPD-20A
rominence UV-vis detector and a LUNA C-118 column
4.6 mm ×  250 mm, 5 m). Gradient elution was employed for
henolic acid and flavonoids. Solution A contained 3% aqueous
cetic acid, and Solution B contained a mixture of 3% acetic acid,
5% acetonitrile and 72% water. Gradient elution was employed
s follows: 0–40 min, 100% to 30% A, 70% B at a flow rate of
 mL/min; 40–55 min, 30% to 10% A, 70% to 90% B at a flow
ate of 1 mL/min [16]. Operating conditions were as follows:
olumn temperature 40 ◦C; injection volume 20 L; UV-diode
rray detection at 280 nm.
.7.  In  vitro  antioxidant  activities
.7.1.  Free  radical  scavenging  activity  on  DPPH•
The antioxidant activity of extracts and standards (BHA, rutin
nd tannic acid) was measured in terms of hydrogen donat-
ng ability using a stable, commercially available organic and
itrogen centered DPPH• by the method of Brand-Williams
t al. [17] with slight modifications. Sample extracts prepared in
ethanol were mixed with 3.9 mL methanol containing DPPH•
0.025 g/L) and incubated in the dark for 30 min. The absorbance
as measured at 515 nm with UV–visi spectrophotometer. Therolox standards were prepared in the range of 0–2.5 mmol/L.
he concentration of DPPH• was calculated from a trolox
tandard curve and expressed as mmol trolox equivalents/g
xtract.
w
ouman Wellness 3 (2014) 36–46
.7.2.  Antioxidant  activity  by  the  ABTS•+ assay
The ABTS•+ decolorization assay was performed to evaluate
he radical scavenging ability of crude extracts by the method of
e et al. [18] with slight modification made by Siddhuraju and
ecker [15]. ABTS•+ was generated by adding 2.45 mmol/L
otassium persulfate to 7 mmol/L ABTS and incubated in the
ark at room temperature for 12–16 h. This stock solution of
BTS•+ was diluted with ethanol to give an absorbance of
0.70 ±  0.02) at 734 nm, which acted as a positive control. Ten
icroliters crude extract (prepared in ethanol) was mixed with
.0 mL diluted ABTS•+ solution and incubated at 30 ◦C for
0 min. The absorbance value was measured at 734 nm with
V–vis spectrophotometer. Trolox standard was also prepared
in ethanol: 0–1.5 mmol/L) to get the concentration response
urve. The unit of trolox equivalent antioxidant activity (TEA)
as defined as the concentration of trolox with theequivalent
ntioxidant activity expressed as mmol/g of extracts. The TEA
f BHA, rutin and tannic acid was also measured by ABTS•+
ethod for comparison.
.7.3.  Ferric  reducing  antioxidant  power  (FRAP)  assay
FRAP assay can be used to evaluate the electron donating
bility of antioxidants according to the method of Pulido et al.
19]. An aliquot of 30 L sample was mixed with 90 L water
nd 900 L FRAP reagent (2.5 mL of 20 mmol/L of 2,4,6-tri-
-pyridinyl-1,3,5-triazine (TPTZ) in 40 mmol/L of HCl, 2.5 mL
f 20 mmol/L of ferric chloride, 25 mL of 0.3 mol/L of acetate
uffer (pH 3.6)) and incubated at 37 ◦C for 30 min. After incu-
ation, the absorbance values were recorded at 593 nm with
V–vis spectrophotometer. Known ferrous sulphate contents
anging from 400 to 2000 mol were used to generate the cal-
bration curve. From the curve, the ferrous ions reduced by the
ample were calculated using regression equation. The antiox-
dant activity was expressed as amount of extract required to
educe 1 mmol of ferrous ions. The antioxidant activity of sam-
les was compared with the following standards: BHA, rutin
nd tannic acid.
.7.4.  Nitric  oxide  radical  scavenging  activity
Nitric oxide radical scavenging activity was measured by the
ethod of Marcocci et al. [20]. All sample extracts or stan-
ards (ascorbic acid and quercetin) (500 g) were mixed with
odium nitroprusside (final concentration 5 mmol/L) in phos-
hate buffered saline, pH 7.4 to the final volume of 1 mL and
ncubated at 25 ◦C for 150 min. After incubation, the reaction
ixture was mixed with Griess reagent (1% sulfanilamide and
.1% naphthylethylenediamine dihydrochloride in 5% ortho
hosphoric acid). The absorbance was measured at 540 nm with
V–vis spectrophotometer. The degree of nitric oxide radical
cavenging activity (NRSA) was calculated as follows:
RSA/% = Ac − As ×  100
Ac
here Ac is the absorbance of the control; As is the absorbance
f the sample.
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.7.5.  Superoxide  anion  radical  scavenging  assay
The superoxide anion radical (O2•−) scavenging capacity of
tandards (BHA, catechin, trolox and rutin) and sample extracts
as determined by the method of Martinez et al. [21] for the
etermination of superoxide dismutase with some modifications
ade by Dasgupta and De [22] in the riboflavin-light-nitroblue
etrazolium system. Each 3 mL of reaction mixture consisting of
0 mmol/L phosphate buffer (pH 7.8), 13 mmol/L methionine,
 mol/L riboflavin, 100 mol/L EDTA, 75 mol/L NBT and
 mL extract/standard was kept for 10 min under illumination
ith 20 W fluorescent lamps. The production of blue formazan
as monitored and recorded at 560 nm with UV-vis spectropho-
ometer. The degree of superoxide anion radical scavenging
ctivity (SRSA) was calculated as follows:
RSA/% = Ac −  As
Ac
×  100
here Ac is the absorbance of the control; As is the absorbance
f the sample. The scavenging activity was compared with the
ositive standards (150 g) of BHA, rutin and trolox.
.7.6. Hydroxyl  radical  scavenging  activity
Hydroxyl radical scavenging ability of extract and standard
catechin) was measured according to the method of Klein et al.
23]. Samples and standards were mixed with 1 mL iron–EDTA
olution (0.13% ferrous ammonium sulfate in 0.26% EDTA),
.5 mL of 0.018% EDTA and 1 mL DMSO solution (0.85% in
hosphate buffered saline 0.1 mol/L, pH 7.4). The reaction was
erminated by the addition of 1 mL ice cold trichloroacetic acid
TCA) (17.5, m/V). Then, 3 mL Nash reagent (7.5 g ammonium
cetate, 0.3 mL glacial acetic acid, 0.2 mL acetyl acetone and
00 mL distilled water) was added to the above mixture and
ncubated at room temperature for 15 min and the absorbance
alues were recorded at 412 nm with UV–vis spectrophotometer.
 control was also run with phosphate buffer instead of ascorbic
cid. The percentage of hydroxyl radical scavenging activity
HRSA) was calculated using the following formula:
RSA/%
=  1 −
(
Difference in absorbance of sample
Difference in absorbance in blank
)
×  100
The activity was compared with the positive standard catechin
250 g).
.7.7.  β-Carotene/linoleic  acid  bleaching  activity
The antioxidant activity of sample extracts and standards
BHA, rutin and trolox) was analyzed according to the method
f Taga et al. [24] with slight modifications. Two mg β-carotene
as dissolved in 1 mL chloroform containing 40 mg linoleic acid
nd 400 mg Tween 40. The chloroform was removed by rotary
acuum evaporator at 45 ◦C for 4 min and 100 mL distilled water
as added slowly to the semisolid residue with vigorous agi-ation to form an emulsion. A 5 mL aliquot of the emulsion
as added to a tube containing standards (50 g) and sample
xtracts (250 g) and the absorbance was measured at 470 nm
ith UV–vis spectrophotometer, immediately against a blank
m
d
b
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onsisting of the emulsion without β-carotene. The tubes were
laced in a water bath at 50 ◦C and the absorbance measurements
ere conducted at 120 min. All determinations were carried out
n triplicates. The antioxidant activity (AA) of the extracts was
valuated in terms of bleaching of β-carotene using the following
ormula:
A/% =
[
1 − AE0 −  AE120
AC0 −  AC120
]
× 100
here AE0 and AC0 are the absorbance values measured at 0 min
f the incubation for test sample and the control, respectively;
E120 and AC120 are the absorbances measured in the test sample
nd the control, respectively, after incubation for 120 min.
.8.  In  vitro  antidiabetic  activity
.8.1.  α-Amylase  inhibition  activity
The sample extracts (250 g) were mixed with 100 L of
.02 mol/L sodium phosphate buffer (pH 6.9) and 100 L α-
mylase solution (4.5 units/mL/min) and pre-incubated at 25 ◦C
or 10 min. Then, 100 L of 1% starch solution was added and
ncubated at 25 ◦C for 30 min and the reaction was stopped by
he addition of 1.0 mL dinitrosalicylic acid reagent (1 g 3,5-
initrosalicylic acid in 20 mL of 2 mol/L NaOH + 50 mL distilled
ater + 30 g Rochelle salt. The contents were dissolved and
ade up to 100 mL with distilled water). The test tubes were
hen incubated in a boiling water bath for 5 min and then cooled
t room temperature. The reaction mixture was then diluted 10
imes with distilled water and the absorbance was measured at
40 nm. The readings were compared with the control (extract
as replaced by the buffer) and α-amylase inhibition activity /%
as calculated [25].
.8.2.  α-Glucosidase  inhibition  activity
The sample extracts (250 g) were mixed with 100 L
.1 mol/L phosphate buffer (pH 6.9) and 100 L α-glucosidase
olution (1 unit/mL/min) and incubated at 25 ◦C for 5 min. After
he pre-incubation, 100 L p-nitrophenyl-α-D-glucopyranoside
5 mmol/L) solution was added and the reaction mixture
as incubated at 25 ◦C for 10 min. After the incubation,
he absorbance was recorded at 405 nm and α-glucosidase
nhibition /% was calculated [25].
.9.  Tyrosinase  inhibitory  activity
Tyrosinase inhibitory activity was determined according to
he modified method of Chang et al. [26]. An aliquot of 20 L
f tyrosinase (1000 U/mL in 50 mmol/L phosphate buffer, pH
.8) was mixed with 100 L extract (dissolved in DMSO) and
.9 mL of 50 mmol/L phosphate buffer (pH 6.8). The reaction
◦ixture was incubated at 25 C for 5 min. Then, 880 L L-3,4-
ihydroxyphenylalanine (L-DOPA) as the substrate in the same
uffer was added to start the reaction. The increase in absorbance
t 475 nm was monitored with the spectrophotometer. Kojic acid
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as used as a positive control. The tyrosinase inhibitory activity
as calculated using the formula
yrosine inhibitory activity/% =
[
A0 −  A1
A0
]
×  100
here A0 is the absorbance at 475 nm with DMSO instead of
he tested sample and A1 is the absorbance at 475 nm with the
ested sample.
.10.  Determination  of  anti-acetylcholinesterase  activity
Acetylcholinesterase (AchE) inhibitory activity was mea-
ured by slight modification of spectrophotometric method
f Ellman et al. [27]. An aliquot of 300 L of 100 mmol/L
odium phosphate buffer (pH 8.0), 10 L sample solution
nd 40 L AChE (5.32 ×  10−3 U) solution were mixed and
ncubated for 15 min at 25 ◦C, and then 20 L 5,5-dithiobis-
2-nitrobenzoic acid) (DTNB) (0.5 mmol/L) was added. The
eaction was then initiated by the addition of acetylthiocholine
odide (0.71 mmol/L). The hydrolysis of this substrate was moni-
ored spectrophotometrically at 412 nm. Percentage of inhibition
f AChE or butyrylcholinesterase (BChE) enzymes was deter-
ined by comparison of reaction rates of samples relative to
lank samples using the formula
E  −  S
E
×  100
here E  is the activity of enzyme without the test sample, and S
s the activity of enzyme with the test sample. Eserine was used
s a reference compound.
.11.  Experimental  animals
Male Wistar rats (120–150 g) were procured from animal
ouse of Nandha College of Pharmacy and Research Institute,
rode, TN, India. The animals were provided with adequate
nvironmental conditions (temperature – (24 ±  2) ◦C; relative
umidity – (50 ±  10)%; and (12:12) light:dark cycle) with the
tandard commercial pellets (M/s. Hindustan Lever Ltd., Mum-
ai, Maharashtra, India) and purified water ad libitum. All the
xperiments were performed with the permission from Institu-
ional Animal Ethics Committee (688/2/C-CPCSEA) and were
n accordance with the guidelines of Committee for the purpose
f control and supervision of experiments on animals (CPC-
EA).
.12.  Anti-inﬂammatory  activity
For the experiment, the male Wistar albino rats (120–150 g)
ere divided into eight groups (n  = 6). Animals were fasted
vernight and were divided into control, standard and different
est groups. The first group received distilled water (10 mL/kg),
hile the second group was treated with indomethacin
10 mg/kg). Remaining groups were administered with the two
ifferent concentrations of ethanol extract of Momordica  leaves
100 and 200 mg/kg body weight). Acute inflammation was
M
ouman Wellness 3 (2014) 36–46
nduced by the subplantar administration of 0.1 mL of 1% car-
ageenan (in 1% CMC, m/V) in the right hind paw of the
ats. The animals were pretreated with the drug 1 h before the
dministration of carrageenan. The thickness (mm) of the paw
as measured immediately and at 0, 1, 2, 3 h interval after
he carrageenan injection using vernier caliper (Model 2061,
ututoyo Digimatic Caliper, Japan) [28]. The percent inhi-
ition of paw thickness for treated groups was calculated by
omparing with mean paw thickness of control group. Inhibi-
ion/% = 100(1 −  Vt/Vc), (Vc – control mean paw thickness, Vt
 test mean paw thickness).
.13.  Statistical  analysis
The results were expressed as mean ±  SD and statistical
nalysis was carried out by analysis of variance (ANOVA) fol-
owed by Dunnet’s test and Duncan’s multiple tests. P < 0.01
nd P  < 0.05 were considered as indicative of significance, as
ompared to the control group. All calculations were performed
sing SPSS (Statistical Package for the Social Sciences) version
3.0 (SPSS Inc., Chicago, Illinois, USA) and Graph Pad Instant
oftware version 3.01.
.  Results  and  discussion
.1.  Total  phenolic  content  of  leaf  extracts
The extraction yields, total phenolics, tannins and total
avonoid contents of Momordica  leaf extracts were shown in
able 1. The total phenolic content of Momordica  leaf extracts
as in the range of 33.9-49.31 TAE/g extracts (Table 1). The
annin levels in M.  charantia  Linn, M.  charantia  var. muricata
nd M.  dioica  were 8.51, 19.25 and 14.9 TAE/g extract respec-
ively (Table 1). Kubola and Siriamornpun [16] reported higher
evels of total phenolics in M.  charantia  leaf than the present
esults, which could be due to the differences in concentration
f the samples. The results revealed that marked differences were
bserved among wild and cultivated species of Momordica. This
as in agreement with the reports of Petkovse et al. [29] who
ound that wild species of strawberry, raspberry, and blackberry
ad 2- to 5-fold more total phenolics compared to cultivated
lants. The differences in total phenolic content of plants were
ttributed to the factors such as genotype, site location, cli-
atic conditions, technological measures, year, and so on [29].
otal flavonoid contents of different leaf extracts of Momordica
pecies ranged from 72.83–94.16 mg of RUE/g extract and vari-
tions across species were significant (Table 1). As compared
ith the cultivated form, both wild species possessed higher total
henolics, tannins and flavonoid contents and would justify their
omparative advantage over the common cultivable species.
.2.  Identiﬁcation  of  phenolic  compounds  in Momordica
eavesA chromatogram of phenolic compounds identified in
omordica leaf samples are illustrated in Fig. 1. On the basis
f the HPLC data, the following phenolic acid and flavonoid
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Table 1
Extract yield, total phenolics, tannins and flavanoid content of leaf from wild and cultivated variety of Momordica sp.
Samples Extract yield/% Phenolics/(mg of TAE/g extract) Tannins/(mg of TAE/g extract) Flavonoids/(mg of RUE/g extract)
MCL 9.2 33.90c ± 1.99 8.51c ± 0.77 72.83c ± 0.44
MCWL 10 41.95b ± 0.57 14.9b ± 1.7 74.44b ± 0.50
MDL 11.1 49.31a ± 3.5 19.25a ± 1.72 94.16a ± 0.16
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8alues of triplicate determinations (mean ± SD; n = 3) with different letters (a–c
ar. muricata leaf; MDL, M. dioica leaf. TAE, Tannic acid equivalents; RUE, R
ompounds including gallic acid, chlorogenic acid, catechin,
affeic acid, ferulic acid, quercetin and ellgic acid have been
dentified and quantified (Fig. 1 and Table 2). Some major
henolic acid and flavonoids such as chlorogenic acid, caffeic
cid, catechin and quercetin were found in both cultivated and
ndigenous variety of M.  charantia. However, higher amounts
f phenolic acid and flavonoids were found in M.  charantia  var.
uricata  than other species. The main components of M.  dioica
ere gallic acid, rutin, ferulic acid and ellagic acid. When com-
ared to both varieties of M.  charantia, M.  dioica  had lower
oncentration of phenolic acid; at the same time some uniden-
ified peaks were found which might be responsible for the
ioactivities of M.  dioica. Gallic acid, catechin, caffeic acid
nd ferulic acid contents of M.  charantia  were found to be
igher in present study than previously reported by Kubola and
iriamornpun [16]. This difference may be attributed to local-
ty of the samples, genetic variability, analytical method used
nd solvent used for the extraction procedure. Interestingly, the
henolic acids and flavonoids identified in these wild species
ave been proved as potent antioxidant agents in many plants
30].
.3.  DPPH• scavenging  activity
DPPH• is a stable organic-free radical with absorbance at
17 nm. The scavenging effect of samples ranged from 6358.48
o 6790.35 mmol TE/g extract (Table 3). Higher scavenging
apacity was shown in M.  dioica  (6790.35 mmol TE/g extract)
han other leaf extracts. The present results for M.  dioica  showed
imilar DPPH• scavenging activity with that of Jain et al.
31]. When compared with standards, the scavenging activity
f the extract was found to be low (P  < 0.05) because of the
mount of extractable phenolics, molecular weight of pheno-
ics, the number of aromatic rings, nature of hydroxyl group
F
a
a
able 2
ontents of phenolic acid and flavonoid compounds (n = 3).
amples Compounds/(mg/100 g) MCL 
. Gallic acid 66.5 ±
. Chlorogenic Acid 2969 ±
. Rutin ND 
. Caffeic acid ND 
. Ferulic acid ND 
. Quercetin 2601 ±
. Ellagic acid ND 
. Catechin 145.3 ±ignificantly different (P < 0.05). MCL, M. charantia leaf; MCWL, M.  charantia
quivalents. Similarly hereinafter.
ubstitution and the formation of complexes with proteins [32].
ntioxidant activity toward DPPH• was found to be positively
orrelated with their phenolics, flavonoids and tannin contents
R2 = 0.975, 0.968, 0.843, respectively) of leaf samples, which
an donate more hydroxyl groups for reducing a number of
PPH• (Table 3). The results presented above are in agree-
ent with the fact that the total phenolics, tannin and flavonoid
ontents are major contributors to the antioxidant activity of
any vegetables, which is in accordance with the report of
asipriya et al. [33].
.4.  ABTS•+ assay
Several studies reported the fact that phenolics act as potent
cavenger of ABTS•+ through hydrogen atom donation, elec-
ron transfer or even a combination of the two mechanisms [34].
he results of the ABTS•+ scavenging activity are as shown
n Table 3. Similar to the findings in DPPH• assay, M.  dioica
howed the highest antioxidant activity (22,463.81 mmol TE/g
xtract), and M.  charantia  cultivated form showed the low-
st radical scavenging activity (12,790.64 mmol TE/g extract).
hese results seem to correlate with the total phenolics, tannin
nd flavonoids contents of leaf extracts and the corresponding R2
alues are 0.874, 0.830, and 0.994, respectively. Interestingly,
he results of antioxidant activity of M.  charantia  extracts by
BTS•+ assay in our report are two-fold higher than that in the
revious report [35].
.5.  FRAP  assayThe reducing abilities of different leaf extracts determined by
RAP method were measured spectrophotometrically by their
bsorbance at 700 nm and summarized in Table 3. FRAP is
n excellent method based on the electron transfer mechanism
MCWL MDL
 0.45 96.9 ± 1.02 9.36 ± 1.02
 1.80 3857 ± 2.2 ND
ND 27.02 ± 0.89
7.31 ± 0.84 ND
543.82 ± 4.3 51.3 ± 0.51
 2.4 4192 ± 3.8 ND
ND 12.647 ± 1.02
 4.2 380.23 ± 2.4 ND
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Table 3
DPPH•, ABTS•+ and FRAP assay of leaf extract of M. charantia Linn., M. charantia var. muricata and M.  dioica (n = 3).
Samples DPPH (mmol TE/g extract) ABTS (mmol TE/g extract) FRAP (mmol (FeII)/g extract)
MCL 6358.48d ± 25.32 12,790.64d ± 202.62 8266.238d ± 211.25
MCWL 6611.92d ± 21.93 13,955.73d ± 890.45 10,914.35d ± 319.76
MDL 6790.35d ± 21.36 22,463.81d ± 970.42 14,832.98d ± 386.03
BHA 814,172.7b ± 18,706.23 655137b ± 61,415.86 350,760.4b ± 72,476.7
RUT 748,175.2c ± 5983.06 433,561.10c ± 23,178.34 174,032.8c ± 26,869.47
T 75
T
a
i
a
r
t
w
a
o
t
l
w
r
3
p
F
o
c
i
d
w
l
a
M
3
e
c
b
w
m
h
r
[
a
m
e
P
l
a
3
i
s
i
e
s
s
I
o
a
s
i
(
3
i
c
l
h
o
d
1
c
i
t
p
(
c
3
d
m
i
r
s
rAN 848,540.1a ± 5474.45 
E, trolox equivalent; FRAP, ferric reducing antioxidant power assay.
nd very useful to distinguish dominant mechanisms of antiox-
dant action, in combination with the other methods [36]. The
ntioxidants present in the Momordica  leaf extracts caused their
eduction of Fe3+/ferricyanide complex to the ferrous form, and
hus proved the reducing power. The highest reducing ability
as observed in M.  dioica  (14,832.98 mmol (FeII)/g extract),
nd significant differences existed among the reducing ability
f all the extracts (Table 3). This variation may be attributed
o the varied phytochemical contents. The reducing power of
eaf extracts in this investigation that was positively correlated
ith phenolics, tannins and flavonoids (R2 = 0.967, 0.951, 0.937,
espectively), which might act as electron donors.
.6.  Nitric  oxide  scavenging  activity
The nitric oxide (NO) scavengers from the extracts com-
ete with oxygen, leading to reduced production of nitrite ions.
ig. 2 presents the scavenging ability of different leaf extracts
f Momordica  against NO. Out of the three leaf extracts, M.
harantia  var. muricata  extracts showed the highest nitric oxide
nhibition ability (78%) compared to other extracts and stan-
ards, ascorbic acid and quercetin. No significant correlation
as found between NO radicals scavenging activity and pheno-
ics. Hence, bioactive substances other than phenolics, tannins
nd flavonoids may be the reason for scavenging activity in
omordica  leaves.
.7.  Hydroxyl  radical  scavenging  activity
The results obtained in this study demonstrate that leaf
xtract of Momordica  species had appreciable hydroxyl radi-
al scavenging activity. As shown in Table 3, results obtained
y hydroxyl radical scavenging assay once again revealed that
ild species had the highest antioxidant activity, whereas com-
ercial variety had the lowest activity. M.  dioica  showed the
ighest hydroxyl radical scavenging ability (80%) (Fig. 2). Our
esults varied from those reported by Kubola and Siriamornpun
11] who found lower hydroxyl radical scavenging activity of
queous extracts of M.  charantia  leaf. These differences could be
ainly due to the different procedures used to prepare sample
xtracts. Phenolics (R2 = 0.905, P  < 0.01), tannins (R2 = 0.916,
 < 0.05) and flavonoids (R2 = 0.619, P  < 0.05) in Momordica
eaves highly correlated with hydroxyl radical scavenging
ctivity.
r
v
a
u1,735.60a ± 62,890.85 562955a ± 42,130.92
.8.  Superoxide  anion-scavenging  activity
Although superoxide anion is a weak oxidant, it plays an
mportant role in the formation of other reactive oxygen species,
uch as hydrogen peroxide, hydroxyl radical, or singlet oxygen
n living systems which contribute to oxidative stress. The scav-
nging ability of various leaf extracts on superoxide radicals are
hown in Fig. 2. Compared to BHA and rutin, the superoxide
cavenging activity of the extract was found to be low (P  < 0.05).
n spite of this, M.  dioica  extract behaves as a powerful super-
xide anion scavenger (51%) and showed comparatively similar
ctivity to trolox. The present study suggested that there is a
trong correlation between superoxide radical scavenging activ-
ty and phenolics, tannins and flavonoid contents of the plant
R2 = 0.970, 0.946, 0.938, respectively).
.9.  β-Carotene/linoleate  bleaching  assay
The antioxidant capacity by using β-carotene bleaching assay
n Momordica  leaf extract is shown in Fig. 2. The antioxidant
apacity of leaf samples was determined by stabilizing the yel-
ow color β-carotene and hindering the extent of bleaching by
ydrogen peroxide radical through the heat-induced oxidation
f linolenic acid. The biological function of β-carotene was
estroyed via free radical-mediated oxidation, which breaks the
1 pairs of sensitive double bonds [37]. On oxidation it loses its
olor, but in the presence of leaf extracts bleaching of β-carotene
s inhibited by neutralizing the linoleate free radical in the sys-
em. Results showed that M.  dioica  leaf extract has the highest
otential to inhibit free radical-mediated oxidation of β-carotene
64%), followed by M.  charantia  var. muricata  (56%) and M.
harantia  (47%).
.10.  Carbohydrate-hydrolyzing  enzymes  inhibition
α-Amylase and α-glucosidase are the key enzymes in the
igestive system, which hydrolyze the oligosaccharide into
onosaccharide prior to absorption. They are correlated with
ncrease in post-prandial glucose levels in small intestine. Hence
etardation of carbohydrate digestion by inhibition of enzymes
uch as α-amylase and α-glucosidase would play a key role in
educing the formation of glucose monomers, which controls the
isk of diabetes and obesity [38]. The α-amylase inhibitor pre-
ents starch digestion by completely blocking the access to the
ctive site and promotes weight loss concurrently, thereby it is
sed to manage type 2 diabetes. In an array to explore the in  vitro
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Fig. 1. HPLC chromatograms of Momordica leaves recorded at 280 nm: A. M.
charantia; B. M.charantia var. muricata; C. M. dioica. Peak: 1. Gallic acid;
2
E
a
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i
t
α
i
e
s
Fig. 2. Nitric oxide, superoxide, hydroxyl radical scavenging activity and inhi-
bition of β-carotene bleaching of M. charantia Linn. M. charantia var. muricata
and M. dioica leaf extract (n = 3). ASC, ascorbic acid; QUE, quercetin; CAT,
catechin; TRO, trolox; BHA, butylated hydroxyanisole; RUT, Rutin.
Fig. 3. α-Amylase, α-glucosidase, acetyl cholinesterase, tyrosinase inhibitory
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t. Chlorogenic acid; 3. Rutin; 4. Caffeic acid; 5. Ferulic acid; 6. Quercetin; 7.
llagic acid; 8. Catechin.
nti-diabetic activity, various leaf extracts from Momordica
pecies were screened for the α-amylase and α-glucosidase
nhibitory property. Initial screening of various extracts showed
hat the ethanol extract of M.  dioica  leaf had significantly higher
-amylase (73.5%) and α-glucosidase (50.4%) inhibition activ-ty (Fig. 3). The ability of Momordica  leaves to inhibit both
nzymes may be related to phenolic contents since total extracts
howed the highest inhibiting activity. The inhibitory activity
a
b
ictivity of M. charantia Linn. M. charantia var. muricata and M. dioica leaf
xtracts (n = 3).
f α-amylase and α-glucosidase is strongly correlated with the
ontents of flavonoids and phenolics (R2 = 0.996, 0.842) and
r2 = 0.960, 0.956, 0.921). Several studies revealed that the plant
hytochemicals such as phenolics, flavonoids, tannin, saponin,
erpenes and glycoproteins are responsible for the inhibitory
ction of these enzymes [39]. The obtained results are better than
hose obtained for M.  charantia  seeds with maximum inhibition
f 38% for α-amylase and 53% for α-glucosidase respectively.
t the same time polypeptide-k isolated from seeds of M.  cha-
antia  was demonstrated to inhibit α-amylase and α-glucosidase
ith a percentage of 35% and 79% respectively [40].
.11.  Anti-AChE  activity
Acetylcholinesterase catalyses the breakdown of acetyl-
holine, one of the neurotransmitter in the synaptic cleft of
rain, which leads to several neurological disorders such as
lzheimer’s disease, senile dementia, ataxia, and myasthenia
ravis [41]. The leaf extract of three Momordica  species was
ested against AChE enzyme and the data obtained underlined
n appreciable inhibition rate. All the extract showed compara-
le activity since M.  dioica  (78.8%) showed the highest AChE
nhibitory activity, followed by M.  charantia  (77.6%) (Fig. 3). It
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Table 4
Anti-inflammatory activity of different Momordica leaves extracts on carrageenan-induced paw edema in rats.
Treatment Dose Increase in paw edema in mL Inhibition at 3 h/%
0 h 1 h 2 h 3 h
Control 10 mL/kg 0.11 ± 0.003 0.54 ± 0.01 1.34 ± 0.03 1.69 ± 0.05 –
Indomethacin 10 mg/kg 0.11 ± 0.008 0.39 ± 0.03a 0.56 ± 0.01a 0.72 ± 0.01a 57
MCL 100 mg/kg 0.11 ± 0.01 0.50 ± 0.02a 0.93 ± 0.04a 1.12 ± 0.09a 33
MCL 200 mg/kg 0.11 ± 0.008 0.52 ± 0.006a 0.60 ± 0.04a 0.91 ± 0.02a 46
MCWL 100 mg/kg 0.12 ± 0.004 0.45 ± 0.02a 0.59 ± 0.06a 0.84 ± 0.04a 50
MCWL 200 mg/kg 0.13 ± 0.01 0.45 ± 0.005a 0.52 ± 0.05a 0.74 ± 0.08a 56
MDL 100 mg/kg 0.14 ± 0.007 0.50 ± 0.008a 1.18 ± 0.05 1.39 ± 0.05a 23
MDL 200 mg/kg 0.13 ± 0.005 0.49 ± 0.03a 1.01 ± 0.04 0.9 ± 0.04a 46
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a P < 0.01 compared with the respective control group. Control (vehicle): dist
as previously reported that flavonoid derivatives were potent
nhibitors of AChE enzyme [42]. In agreement with that fact,
. dioica  had the highest flavonoid content than other extracts.
esides, Lopez and Pascual-Villalobos [43] reported that ter-
enoids is also a potent AChE inhibitor. Several terpenoids such
s Kuguacin J isolated from M.  charantia  leaf could be suggested
or the higher inhibitory activity of AChE [7].
.12.  Tyrosinase  inhibition
Malanogenesis plays an important role in protecting the skin
rom sun-related injuries and is principally responsible for skin
olor, but at the same time abnormal hyperpigmentation such
s freckles, chloasma, and lentigines can be serious esthetic
roblems [44]. To sort out this problem several tyrosinase
nhibitors have been widely used to regulate hyperpigmenta-
ion in cosmetic industry. Tyrosinase is one of the major targets
n screening inhibitors of melanin synthesis. In addition, some
tudies reported that melanogenisis have been associated with
xidative stress and the effects of antioxidant in down-regulating
V-induced melanogenesis [45]. The effects of Momordica
eaves extract on tyrosinase activities are shown in Fig. 3. It was
ound that all extracts had potent inhibitory effects on L-DOPA
xidase activity of tyrosinase enzyme, and the highest activity
as registered in M.  dioica  with 74% of inhibition. The high-
st inhibitory activity was strongly correlated with phenolics,
annins and flavonoids (R2 = 0.973, 0.864, and 0.821, respec-
ively). Flavonoid-derived compounds are competitive inhibitors
f tyrosinase substrates [46]. Peng et al. [47] reported that
ompounds having higher antioxidant activity and radical scav-
nging ability may be linked with tyrosinase inhibitory effects.
n the present study the potent inhibition activity of Momordica
eaves is probably extracts due to their higher antioxidant activ-
ty.
.13.  Anti-inﬂammatory  activity
The Momordica  leaves extract exhibited a dose-dependent
nti-inflammatory activity and significantly (P  < 0.01) reduced
he rat paw edema volume induced by carrageenan. It was found
hat the M.  charantia  var. muricata  (200 mg/kg) had signifi-
ant inhibitory effect on the edema formation with a value of
l
e
m
later.
6% at 3 h after carrageenan administration (Table 4). The other
wo species of Momordica  leaves also significantly inhibited
he carrageenan-induced paw edema obviously (P  < 0.05) in a
ose-dependant manner. The development of edema induced
y carrageenan can be divided into three different phases. The
arly (0–90 min) phase takes place with the release of his-
amine, serotonin and kinins. The second phase is associated
ith bradykinin (90–180 min). The third phase is mediated by
rostaglandins, and the continuity between the two phases is
rovided by kinins, in which the edema reaches its highest vol-
me [48]. The release of histamine leads to outward movements
f proteins and fluid into the extracellular spaces, leading to the
nitial stage of inflammation, while the later phase induces the
roduction of prostaglandin which is responsible for the for-
ation of edema. The three leaves extracts from Momordica
pecies exhibited a moderate inhibitory activity at the early phase
ut effectively inhibited the paw volume during the last phase
3 h after carrageenan injection). Based on this fact, it may be
uggested that the potent inhibitory activity of leaves is due to
he inhibition of prostaglandin, one of the powerful vasodilator
n acute inflammation. In comparison to the earlier studies on
queous and alcoholic extracts of leaves and aerial parts of M.
harantia, the extract in our study was found to be an effica-
ious and potent anti-inflammatory agent [49]. Recent studies
evealed the possible relationship between the free radicals and
nflammatory processes. The phytochemicals, flavonoids and
riterpenoids isolated from plants have been effectively neu-
ralized the free radicals which attenuate the inflammation and
ossess significant anti-inflammatory effects [28]. The presence
f different triterpenoids such as momordicoside, kuguagly-
oside, karavilagenin, goyaglycosides and Kuguacin J were
eported in M.  charantia  leaves [50]. It is, therefore, possible
hat the anti-inflammatory effects observed with this extract may
e attributable to its flavonoid and triterpenoid components.
.  Conclusions
It may be concluded that the dietary phenolic extracts of
eaf samples from three Momordica  have potential antioxidant,
nzyme inhibition and anti-inflammatory activities. Some of the
ajor phenolic acid and flavonoids have been identified as gal-
ic acid, quercetin, catechin, etc. Additional work is needed to
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etermine whether these phenolic constituents are responsible
or the antioxidant activity of the Momordica  leaf extract. In
ddition, a screening test of ethanolic extract of Momordica
eaves appears to reveal greater activity in carageenan-induced
aw edema. These effects have been correlated to the flavonoid
nd total phenolic contents of the leaf, indicating that phenolic
ompounds could be the major contributors to these activi-
ies. Furthermore, the quantitative and qualitative evaluation of
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nd functional assessment of these leaf extracts in food sys-
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pplied externally to prevent itching in anus and to remove
ntestinal worms in children, a practice followed by indige-
ous people. The reason for curing effect of Momordica  leaves
gainst worms should be investigated, and extended to ointment
reparation. Considering the traditional knowledge with present
cientific investigation of antioxidant, enzyme inhibition, and
n vivo  assessments, we have concluded that this polyphenolic
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